The ESS(energy storage system, here after) for a DC 1500V was developed in 2009. A ESS was installed on the track of Daejeon HRT in 2010. The advantage of the ESS is that it can save the energy and plus stable the catenary voltage. This paper presents the energy saved by the ESS in Daedong substation. When the ESS is on/off, the field tests are performed.
Introduction
The Korean government announced a plan to cut greenhouse gas emissions by 21-30 percent by 2020, as part of the "Business as Usual" (BAU) campaign. The government plans to reduce carbon emissions from the transportation sector by 33-37 percent by 2020. The government is also pushing ahead with the development of eco-friendly transportation systems such as those that use recycled energy. Therefore, urban transit companies should consider incorporating energy storage systems as a means of saving energy. Due to the recent environmental protection trend, which enforces more strict energy savings, every transportation system should reduce energy consumption to the absolute minimum. High-efficiency operation systems, energy saving methods, and CO 2 emissions have become vital issues in the railway system, as well as other major public transportation systems [1] .
The Korean electric railway system is used to transport several million commuters on a daily basis. There are distinct characteristics to this system, owing to the fact that the vehicles are being driven by electricity, such as variations in displacement and power. Notably, the vehicles generate regenerative power on breaking but some of this power, which cannot be supplied to the other accelerating vehicles, is being wasted; it is being dissipated as heat at present [2] [3] [4] . Since the vehicles in suburban railway systems repeatedly accelerate and brake, it is obvious that the utilization of some ESS would aid in saving energy and considerably improve the energy efficiency of the electric railway system. The ESS is considered to be one of the useful devices for energy storing and recycling [5, 6] .
The ESS for a DC 1500V was developed in 2009. The ESS was installed on the track of Daejeon HRT in 2010. The advantage of the ESS is that it can save the energy and plus stable the catenary voltage. This paper presents the energy saved by the ESS in Daedong substation. When the ESS is on/off, the field tests are performed.
Energy Storage System
The system saves energy by efficiently using regenerated energy. Regenerated energy is recycled amongst vehicles by mean of charge and discharge corresponding to powering and braking of electric vehicle operations. Fig. 1 shows how the ESS stores the energy generated during braking, and discharges it again when a vehicle accelerates. The ESS stores excess energy caused by braking vehicles. The powering vehicle receives traction power from a substation and the ESS. Excess energy is distributed amongst powering and braking vehicles [7, 8] .
Test Plan
The ESS was installed on 2010.8.28. We measured the regenerative energy and reviewed to put it in Daedong substation. Development and installation of the ESS are shown in Fig. 2 .
Substation
A ESS is installed on the track of Daejeon HRT in Korea. The ESS is tested in Daedong substation. Fig. 3 shows the system configuration.
The power system in the railway substation converts AC 22.9 kV to DC 1500 V. The power system having 12-pulse forward diode rectifiers injects DC power into the catenary as shown in Fig. 4 .
Vehicle
The 4-car Vehicles run on the Daejeon line. Vehicle's characteristics are shown in Table 1 .
Track
Daejeon Metropolitan Rapid Transit Corporation operates a 20.5 km-long single line from Banseok Station to Panam Station. Trains are normally composed of four cars with a regenerating brake system. The headway during rush-hour is 5 min. The headway during off-peak hours is 10 min. Fig. 5 shows the ESS configuration. The system can be connected either directly to the traction power supply system or the busbar in the substation by means of the connection unit, which comprises the disconnector, the DC high-speed circuit-breaker and the precharging unit.
ESS configuration and specification
The connection between the connection unit and the 
Measuring Consumptive and Regenerative Energy
The vehicles run on the track. When the ESS is on/off, the consumed energy is measured in Daedong substation as shown in Fig. 6 . When the ESS is on/off, the ESS charges the regenerative energy. 
Results
Fig . 7 shows charging/discharging wave forms of the installed ESS. The EDLC voltage falls at the time of powering, but the catenary voltage doesn't fall a lot. So it is expected that the voltage drop of the railway vehicle may be deterred by the discharge of EDLCs. On the other hand, Fig.  9 and Table 3 .
The summary results are shown in Table 4 . As the test results, when the ESS is on, the consumption power is 4313.85 kWh. When the ESS is off, the consumption power is 5633.57 kWh. Therefore, the energy saving rate is 23.4%.
Since 2010, the ESS saved energy, 318,762 kWh(about Fig. 8 Temperature test 
Conclusion
The energy storage system for a DC 1500 V electrified railway was developed. An energy storage system was built for the DC 1500 V and verification tests were conducted in cooperation with the Daejeon Metropolitan Rapid Transit Corporation. We carried out charge/discharge tests with the 1500 V ESS to verify its ability to contribute to a stable power supply for DC electrified railways.
Before the ESS is installed, the fluctuation of voltage is within ±19%. After the ESS is installed in Daedong substation, the voltage is very stable within ±6% from 1564 V to 1662 V. Temperature tests are under limited value.
When the ESS is on/off, the energy saving rate is tested. When the ESS is on, the consumption power is 4313.85 kWh. When the ESS is off, the consumption power is 5633.57 kWh. Therefore, the energy saving rate is 23.4%. Since 2010, the ESS saved energy, 318,762 kWh (about 50 Million Won). Therefore, the ESS is considered to be one of the useful devices for energy storing and recycling.
